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Abstract
Background: Attrition, or nonuse of the intervention, is a significant problem in e-health. However, the reasons for
this phenomenon are poorly understood. Building on Eysenbach’s “Law of Attrition”, this study aimed to explore
the usage behavior of users of e-health services. We used two theoretical models, Andersen’s Behavioral Model of
Health Service Utilization and Venkatesh’s Unified Theory of Acceptance and Use of Technology, to explore the
factors associated with uptake and use of an internet-mediated intervention for caregivers taking care of a family
member with dementia.
Methods: A multiphase, longitudinal design was used to follow a convenience sample of 46 family caregivers who
received an e-health intervention. Applying the two theories, usage behavior was conceptualized to form four
stages: consideration, initiation, utilization (attrition or continuation), and outcome. The variables and measurement
scales were selected based on these theories to measure the sociodemographic context, technology aptitudes, and
clinical needs of the caregivers.
Results: In the Consideration Stage, caregivers who felt that the information communication technology (ICT)-
mediated service was easy to use were more likely to consider participating in the study (p = 0.04). In the Initiation
Stage, caregivers who showed greater technology acceptance were more likely to initiate service earlier (p = 0.02).
In the Utilization Stage, the frequent users were those who had a more positive attitude toward technology (p =
0.04) and a lower perceived caregiver competence (p = 0.04) compared with nonusers. In the Outcome Stage,
frequent users experienced a decline in perceived burden compared with an escalation of perceived burden by
nonusers (p = 0.02).
Conclusions: We illustrate a methodological framework describing how to develop and expand a theory on
attrition. The proposed framework highlighted the importance of conceptualizing e-health “use” and “adoption” as
dynamic, continuous, longitudinal processes occurring in different stages, influenced by different factors to predict
advancement to the next stage. Although usage behavior was influenced mainly by technological factors in the
initial stages, both clinical and technological factors were equally important in the later stages. Frequency of use
was associated with positive clinical outcomes. A plausible explanation was that intervention benefits motivated
the caregivers to continue the service and regular use led to more positive clinical outcome.
Background
Information communication technologies (ICT) have
been used to provide a broad range of e-health services,
including providing supportive interventions to people
with chronic diseases and their family caregivers.
A prerequisite for successful e-health services (and ulti-
mately changes in the outcome s )i st h a tt h es e r v i c ei s
actually being used. However, high attrition rates from
e-health trials, which may be a natural or typical feature
of e-health services, have been reported in ICT-
mediated interventions. Eysenbach [1], in his influential
“Law of Attrition” (LOA) paper, called for a “science of
attrition” and categorized attrition into nonusage attri-
tion and dropout attrition; nonusage attrition refers to
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refers to the loss of follow-up data in the context of a
trial.
This paper focuses on the exploration of attrition. A
number of other terms have been used for identical or
related concepts, including “adherence”, “compliance”,
“dosage”, “usage behavior”, “adoption”, “uptake”, “engage-
ment”, “retention”,a n d“exposure” [2-11]. Various con-
crete factors have been mentioned by Eysenbach that
may influence attrition, including appropriateness of
information, ease of enrolment, ease of drop out, usability
issues, “push” factors (e.g., reminders), positive feedback,
observable advantages, paid intervention and other incen-
tives, time commitment, competing interventions, exter-
nal events competing for the participants’ attention, peer
communications/peer pressure, human contact, and
experience of use [1]. Many of these suggested factors
broadly fit into existing theories of health service utiliza-
tion and technology use and adoption, although these
conceptual links have not previously been explicated.
Empirical findings are required to substantiate these
proposed factors, and relationships to existing theories
have to be identified to facilitate the development of a
more comprehensive framework and theory of attrition,
with the ultimate aim being to inform the development
and evaluation of attractive, “sticky” and engaging
e-health applications that generate minimal attrition and
maximum “adherence”.
Empirical findings of ICT-mediated interventions for
dementia caregivers
T h i ss t u d yu s e sd a t af r o ma ne l e c t r o n i cs u p p o r ti n t e r -
vention for caregivers of dementia patients. In a specific
systematic review on networked technologies supporting
caregivers of people with dementia, five empirical stu-
dies of ICT-mediated interventions for dementia care-
givers were identified [12]. Usage behavior was found to
vary across studies and was not consistently reported in
all studies. In the ComputerLink study, the analysis
showed that younger caregivers were more likely to use
ComputerLink than older caregivers [13]. Caregivers
who had a greater baseline stress were likely to experi-
ence a greater decline in stress upon completion of the
study [14]. With respect to the Computer Telephone
Integration System (CTIS) study, caregivers who
dropped out were more depressed at baseline than
those who completed the study [15]. In the Telephone
Linked Care (TLC) study, the results suggested that the
adopters were older male caregivers, better educated,
and more proficient in using TLC than nonadopters
[16]. In the AlzOnline study, 8% of the participants
dropped out shortly after the screening interview, and
another 15% discontinued within three or fewer classes
[17]. The primary reasons for this attrition were
competing work-related responsibilities and heavy care-
giving responsibilities. In the Caring for Others study,
29% of the participants were lost to follow-up [18]. The
empirical findings from these studies provided limited
explanations of the relationship between attrition and
other e-health factors. Therefore, we identified two the-
oretical models to conceptualize the attrition phenom-
enon in e-health service use.
Andersen’s Behavioral Model of Health Service Utilization
(BMHSU)
Andersen’s Behavioral Model of Health Service Utiliza-
tion (BMHSU) [19,20] is the most frequently used theo-
retical model for predicting and explaining health
services use. The model consists of three determinant
factors: predisposing, enabling,a n dneeds factors. Predis-
posing factors are exogenous factors such as demo-
graphics, social structure, and health beliefs. Enabling
factors are necessary but not sufficient conditions for
service use. They include community and personal
enabling resources. Needs factors must be present for
service use to happen. There are two types of needs
variables: evaluated needs and perceived needs.T h e
needs experienced by the caregivers are the perceived
needs.
Venkatesh’s Unified Theory of Acceptance and Use of
Technology (UTAUT)
Venkatesh’s Unified Theory of Acceptance and Use of
Technology (UTAUT) explains the intention to adopt or
use information technology [21]. There are four core
constructs: (1) Performance expectancy, which is a per-
son’s belief that a new technology will improve task per-
formance. This is the main predictor of technology
acceptance. (2) Effort expectancy, which is the degree of
ease associated with the use of the new technology. (3)
Social influence, which measures the degree to which
someone important to a person influences his or her
decision to use the new technology. (4) Facilitating con-
ditions, which is the support available to facilitate a per-
son’s use of the new technology. These four constructs
affect intention to use, which in turn predicts technology
usage. Performance expectancy and effort expectancy
explain a greater proportion of the variance than
the other factors [21]. These ideas can be applied to the
context of this study: if a caregiver perceives that
the new e-health service is easy to use and is useful, the
caregiver is more likely to use the service compared
with other caregivers who feel that the service is difficult
to use or not useful.
Research aims and objectives
This paper explores the predictors of usage behavior for
an e-health service. For the purpose of this paper, we
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use, intention to use, utilization with attrition or conti-
nuation, and outcome stage; see description under
“Methods”), realizing that in each stage, different factors
may play different roles and become less or more
important to predict advancement to the next stage.
Four research objectives were identified that addressed
the usage behavior in the different proposed stages
of use:
1. To explore factors associated with a caregiver’s
decision to use the online support (intention to use).
2. To explore factors associated with the time taken
to initiate the service (initiation)
3. To explore factors associated with service utiliza-
tion (nonusage attrition and frequency of use)
4. To explore the usage behavior associated with
outcomes.
The current study is intended to be an explorative
study. It was not feasible to measure all possible, theory-
driven factors in a single study because the question-
naires for the participants would be too long. We realize
that this study will not identify a comprehensive list of
factors; rather, the findings of this study need to be
complemented by other studies, for which this paper
may provide a methodological framework.
Methods
Design
We used a multiphase, longitudinal study design. The
four objectives were addressed in the four proposed
stages of use (Figure 1). Applying Venkatesh’sU T A U T
and Anderson’s BMHSU, we conceptualized that care-
givers will go through the stages of consideration, initia-
tion, utilization, and outcomes.
Conceptualization of the four stages of use
In the consideration stage, interested caregivers evaluate
the service first before deciding whether they will use
the service or not. The decision is based on information
available about the intervention/service. In the context
of a trial, this decision would be influenced by informa-
tion provided in an informed consent document. In the
context of a commercial product, caregivers may base
the decision on information in an advertisement. Peer
pressure and social norms (expectations from others,
including health professionals) may also play an impor-
tant role in this stage. Caregivers who decide to use the
service will act upon the decision. For example, they will
sign an informed consent form, purchase a service, or
order/create a user account.
The second stage is the initiation stage,i nw h i c ht h e
caregivers start to use the service. To measure this
usage behavior, one can for example measure how
quickly a user begins using a newly introduced or pur-
chased service (e.g., first login or first meaningful action
on an e-health service) after the initial agreement to use
it. It is unclear what factors make users who have ori-
ginally agreed to participate (or who purchased a ser-
vice) actually use the service or change their mind, but
factors that likely play a role here are the emergence of
new information (influencing performance expectancy),
competing interests (lack of time), change of perceived
or actual needs, lack of peer pressure originally present
in the consideration stage, or simply forgetting about it.
Following the initiation of service, the user begins to
actively use the service. This is the utilization stage. Ven-
katesh’s UTAUT suggests that the acceptance of a tech-
nology affects ongoing usage behavior. That is, the
experience of using a technology now directly influences
the perception of the ease of use and usefulness of the
technology, which consequently affects the intention to
continue using it. Andersen’s BMHSU also describes how
a change of perceived needs can directly influence
whether a person continues to need the service. An indir-
ect impact after use is the change of the belief in the
health service (predisposing factor), which affects the fre-
quency of service utilization. Hence, the third stage is
conceptualized as the utilization stage (Figure 1), in
which the users actively engage in the intervention.
Within this stage, the users may choose from one of two
paths, attrition or continuation. If the users discontinue
the service, the intervention is ended before completion.
If the users continue to engage in the intervention until
their needs are met, they eventually reach the final stage.
Finally, how usage behavior influences clinical out-
comes is an integral part of the concept. As stated in
Venkatesh’s UTAUT, the ultimate goal of improving
technology acceptance is to improve a person’sw o r k
performance, while the aim of improving service utiliza-
tion in Andersen’s BMHSU is to improve a person’s
clinical outcomes. Conversely, being able to experience
and observe changes in clinical or psychological out-
comes provides a powerful motivation for individuals to
continue use (or to stop use, if they feel a plateau has
been reached or the intervention is no longer required
to maintain the changes). Because attaining a positive
outcome is the ultimate goal of e-health interventions,
the fourth and final stage of use is the outcome stage
(Figure 1).
Intervention
The intervention program consisted of an exchange of
e-mails between Chinese family caregivers (informal
caregivers, such as a daughter, a son, or a spouse)
of elderly patients with Alzheimer’s disease and related
dementia and Chinese professional clinicians (occupational
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offered by two online therapists who had more than two
years of relevant clinical experience and received regular
clinical supervision during the study. E-mail contact was
t h eo n l yf o r mo fc o m m u n i c a t i o nb e t w e e nt h et h e r a p i s t s
and caregivers throughout the program. The study design,
a description of the intervention program, and the clinical
results have been reported elsewhere [22]. The study
received ethics approval from the University of Toronto,
COTA Health, and the Yee Hong Center for Geriatric
Care (Yee Hong) in Toronto, Canada.
Participants
Chinese family caregivers were recruited from Yee
Hong’s adult day programs, a not-for-profit community
organization in the Greater Toronto Area using a con-
venience sampling strategy. The sample consisted of
unpaid, informal Chinese caregivers who took care of a
family member suffering from dementia who lived at
home (i.e., not in a nursing home). To be eligible, family
caregivers had to meet the following criteria: (a) be 18
years or older, (b) be able to speak, read and/or write
Chinese, (c) be caring for a family member with
dementia living in the community, (i.e., not an institu-
tional setting), and (d) have Internet access. Figure 2
shows the sample selection and data collection proce-
dures in each stage. The sample size was estimated to
be 29 to test the postintervention change in the Burden
Scale for Family Caregivers (BSFC) score in the main
study [22]. The sample size calculation was based on an
80% power to detect a change of 7 or more in the BSFC
scores (alpha 0.05; standard deviation: 9.5).
Variables and instruments
Various validated instruments or other measurements
were used to collect information on dependent and
independent variables for multivariate analyses, with
the goal being to identify those independent variables
that predicted the dependent variables. The Chinese
versions of the instruments were used when available.
Otherwise, the instruments were translated into
Chinese for this study.
Dependent variables
Intention to use (Stage 1/Objective 1) was measured as
the consent decisions (yes and no) of qualified
1.
Consideration
2.
Initiation
of Use 
3b.
Continuation 
4.
Outcomes
3a.
Attrition 3. Utilization of 
Service
Figure 1 Stages of use
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sured how long it took a caregiver to activate the e-mail
account after the user package was sent out (by mail
and e-mail). Nonusage attrition and frequency of use
(Stage 3/Objective 3) measured the number of e-mails a
caregiver sent to the online therapist. The frequency of
use was divided into three user groups: nonusers (never
sent an e-mail), occasional users (one to two e-mails),
and frequent users (three or more e-mails). Outcome of
use (Stage 4/Objective 4) was defined as the change in
caregiver burden after service use. The BSFC [23],
which measures the perceived burden of caregivers who
help a family member at home, was used to assess the
outcome. A Chinese version of the BSFC developed for
t h i ss t u d yh a daC r o n b a c h ’s alpha of 0.91. The BSFC
was measured at baseline and at 6 months.
Lost to follow-up (n=7) 
Care recipients passed away or 
admitted to a nursing home, or 
caregivers had no time. 
Follow-Up
(n=28)
Excluded (n=28)  
  Not interested in study 
  Agreed to complete study measures 
by phone  
(n=11)
  Declined to complete measures  
(n=17) 
Enrollment by 
phone interview  
(n=63)
Consideration Stage 
[H1 to H3] 
(n=46)
Completed
baseline measures  
(n=35)
Initiated service  
(n=31)
Excluded from analysis (n=4) 
Care recipient was hospitalized; 
caregivers were out of country, 
needed help with internet, or forgot 
to initiate service. 
Initiation Stage 
 [H4 to H6] 
(n=27)
Excluded from analysis (n=1) 
Caregiver experienced 
extraordinary, stressful life 
situations.
Utilization Stage 
 (n=28) 
Outcome Stage 
(n=27)
Excluded (n=69) 
  Did not meet inclusion criteria  
Assessed for eligibility 
(n=132) 
Figure 2 Sample selection and data collection flow diagram
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The UTAUT [21] measures technology acceptance and
includes four subscales: performance expectancy, effort
expectancy, social influence, and facilitating conditions.
The Caregiver Competence Measure (CCM) [23] is a
one-item measure involving the statement “If e e lIh a v e
the skills and knowledge to be a competent caregiver.”
The Older American Resources and Services (OARS)
Multidimensional Functional Assessment Questionnaire
(OARS) [24] measures the functioning level of the care
recipients. The Revised Memory and Behavior Problems
Checklist (RMBPC) [25] measures how caregivers react
to problem behaviors from care recipients. The
Self-Rated Health (SRH) scale [26] measures caregivers’
ratings of their own health. The Technology Profile
Inventory (TPI) [27] measures a person’s attitude toward
information technology. All independent variables were
measured at baseline after the caregivers consented to
participate in the study.
Data collection
Objective 1
Intention to use. Eligible caregivers completed the study
measures (BSFC, UTAUT, CCM, OARS, RMBPC, SRH,
TPI) and gave their written consent to participate. Care-
g i v e r sw h ow e r ee l i g i b l eb u tnot interested in the study
were interviewed in this stage to answer questions about
their caregiving situation and why they were not inter-
ested. They also completed the study measures.
Objective 2
Initiation of use. Each caregiver received a user package
in the mail that contained a user name, password, and a
user manual. The caregivers were invited to activate
their account within two weeks. Caregivers who did not
activate their account within two weeks received calls to
follow up. The number of days between providing the
user package and the first login was recorded as a
dependent variable.
Objective 3
Nonusage attrition and frequency of use. After activating
the e-mail account, the caregivers could e-mail the
t h e r a p i s ta tat i m et h a tw a sc o n v e n i e n tt ot h e mu s i n g
their choice of language. The number of e-mails was
recorded as a dependent variable.
Objective 4
Outcome of use. The participants received the postinter-
vention questionnaire containing the BSFC in the mail
6 months post-service initiation. They received reminder
calls to return the questionnaire. The BSFC change
score was used as a dependent variable.
Data analysis
Chi-square tests, ANOVA (analysis of variance), t-tests,
and linear regression were used to select variables in the
univariate analysis in each stage. Multivariate logistic
regression analyses were conducted using the selected
variables, and confounding effects were analyzed. An
intention-to-treat analysis was conducted in the out-
come stage.
Results
Study participants (Figure 2)
Objective 1
Intention to use. The phone interviewers screened 132
caregivers, and 63 of them (47.7%) qualified to partici-
pate. Out of the 63 qualified caregivers, 35 consented
and 28 did not. When asked to explain why they were
not interested, 19 reported the following reasons: they
had no time, they were too stressed, they were too busy,
or they knew enough about caregiving already. When
the 28 uninterested caregivers were asked to complete
the study questionnaire by phone, only 11 of them
agreed to do so. The total sample in this stage was 46.
Table 1 presents the participant characteristics at
baseline.
Objective 2
Initiation of use. Out of the 35 caregivers who gave con-
sent, 31 initiated the services. The four caregivers did
not activate the account and another four caregivers
who took an unusually long time (i.e., more than
70 days) to activate the account were excluded from the
sample. The sample size was 27 in this stage.
Objective 3
Service utilization (nonusage attrition and frequency of
use). Among the 31 caregivers who initiated the service
in Stage 2, 28 completed the postintervention question-
naire and 19 received the intervention. This represented
a 3% dropout attrition rate and a 39% nonusage attrition
rate.
Table 1 The characteristics of participants (N=46) and
uninterested caregivers who completed study measures
(N=21)
Participant characteristics Consent Groups
Yes No*
N Col. % N Col. %
Gender F 21 60.0% 4 36.4%
M 14 40.0% 7 63.6%
Age Group <50 17 48.6% 6 54.5%
51-64 14 40.0% 5 45.5%
65+ 4 11.4% 0 0%
Relationship Daughter 17 48.6% 4 36.4%
Son 13 37.1% 7 63.6%
Spouse 2 5.7% 0 0%
Other 3 8.6% 0 0%
* Caregivers who were not interested in the study but agreed to complete
study measures during a phone interview.
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Outcome of use. Twenty-eight participants completed
the follow-up measures. Seven participants did not com-
plete the follow-up measures (Figure 2). One completer
was excluded from the analysis because of an unusual
increase in the BSFC score at the postintervention
because of an extraordinary life stress. Therefore, at the
postintervention, the sample size was 27.
Results from the Multivariate Analyses
Figure 3 summarizes the factors tested and identified as
predictors affecting usage behavior according to the four
research objectives and stages.
Stage 1: Intention to use
In Stage 1, three factors affecting uptake were explored
by comparing the consent and nonconsent groups (n =
46). The first factor was the perceived usefulness of the
e-mail support service to the caregiver. The mean
UTAUT performance expectancy scores of the consent
and nonconsent groups were 19.54 and 19.63, respec-
tively, and the difference was not statistically significant.
The second factor was the caregivers’ perception of the
ease of use of the support service. The mean UTAUT
effort expectancy score of the consent group was 19.03
and that of the nonconsent group was 21.27, and the
difference was statistically significant (t-test, p = 0.04).
The third factor was the caregivers’ perceived burden of
care. The mean BSFC score of the consent and noncon-
sent groups were 35.97 and 40.00, and the difference
was not statistically significant. A multivariate logistic
regression analysis (Table 2) showed the UTAUT per-
formance expectancy and BSFC were not significant
(p = 0.72 and 0.35, respectively). The only significant
factor was the UTAUT effort expectancy (p = 0.04), sug-
gesting that caregivers who gave consent to participate
gave higher ratings on ease of use.
Stage 2: Initiation of use
In this stage, another three factors were examined for
their association with how quickly the caregivers began
services. The outcome variable was the time taken to
log onto the service the first time, and the average time
was 12.26 days (SD = 8.38; range = 1 to 34; median =
11.00).
The factors were the caregivers’ intention to use
(intended duration), the caregivers’ acceptance of tech-
nology, and the clinical needs of the caregivers. The
multivariate linear regression analysis using a backward
stepwise procedure showed that both intention to use
and clinical needs were not significant (p =0 . 8 9a n d
0.85, respectively). The only significant variable was the
UTAUT technology acceptance score. The results
showed that caregivers who had a higher score on the
measure started the service earlier than did those with
lower scores (p = 0.04). Further analysis was conducted
to assess whether the following variables might moder-
ate the relationship between technology acceptance and
initiation of use: gender, age group, employment, hours
of care per week, years of care, age at immigration, lan-
guage preference, living with care recipient, positive
aspects of caregiving, social support, and technology
aptitude. The results showed that none of these factors
had an effect on the relationship.
Stage 3: Nonusage attrition and the frequency of use
Objective 3 explored factors associated with service utili-
zation, which was divided into continuation and attri-
tion. In this stage, the participants were divided into
three groups based on the frequency of use: nonusers
(no e-mail; n = 9), occasional users (1 to 2 e-mails; n =
8), and frequent users (3 or more e-mails; N = 10).
Univariate analysis showed that age group, CCM, and
attitude toward technology (TPI) had a statistically sig-
nificant group effect on usage. Older participants tended
to be nonusers, whereas younger participants were more
likely to be occasional or frequent users (p = 0.047).
Nonusers mostly rated that they were competent to give
good care, whereas occasional or frequent users felt they
were not (p = 0.01). When usage frequency increased,
the attitude toward technology (TPI) showed an increase
in positive attitude (p = .012). The difference in TPI
scores between nonusers and frequent users was 5.75 (t
=3 . 3 7 ,degree of freedom [df ] = 17, p = 0.01). However,
no group effect was found for the following variables:
gender, education, years of immigration, years of
care, hours of care, relationship with care recipient,
care-recipient functioning level (OARS), problem beha-
vior frequency (RMBPC-Freq), caregiver reaction to pro-
blem behaviors (RMBPC-Reaction), caregiver perceived
burden (BSFC), self-rated health (SRH), or UTAUT
technology acceptance.
The correlations among age group, CCM, and TPI
were explored. The results showed that age group and
CCM were correlated (Spearman r=-4.03; p = 0.02),
with an older age associated with greater perceived com-
petence. Both older age and greater perceived compe-
tence were associated with less frequent use of e-mail.
In addition, TPI and age group were found to be corre-
lated (Spearman r = -0.40; p = 0.04), with an older age
associated with a less positive attitude toward technol-
ogy. Finally, TPI did not have a statistically significant
correlation with CCM.
Logistic regression of usage frequency (frequent users
vs. nonusers) showed that both CCM (p =0 . 0 4 )a n d
TPI were associated with usage frequency (p =0 . 0 4 ) ,
but age group was not (p = 0.06) (Table 3). Caregivers
who were less competent were more likely to be
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quent users than among nonusers across both caregiver
competence groups.
Stage 4: Outcome of use
The final stage–the outcome stage–explored the factors
associated with clinical outcomes. The mean pre- and
postintervention BSFC change score was 1.07 (t = -0.63,
df = 26, p = 0.54). Nonusers had an increase in per-
ceived burden at postintervention, whereas occasional
users had minimal changes in score and frequent users
had a decrease of score. An analysis of variance showed
that the differences among the three groups were not
statistically significant (F =1 . 7 8 ,p =0 . 1 9 ) .H o w e v e r ,
Intention 
to Use 
Initiation
of Use 
UTAUT Technology Acceptance 
1
Perceived Caregiver Burden 
Frequency
of Use
1
Outcomes 
of Use 
Attitude Toward Technology - TPI 
1
Caregiver Competence Measure 
1
Age
2
Gender
Education 
Year of immigration 
Years of care 
Hours of care 
Relationship with care-recipient 
Care-recipient functioning level 
Care-recipient problem behavior frequency 
Caregiver reaction to problem behavior 
Caregiver perceived burden 
Self-rated health
UTAUT subscale Performance Expectancy 
UTAUT subscale Effort Expectancy 
1
Perceived Caregiver Burden
Figure 3 Factors affecting usage behavior.
1 Significant in multivariate analysis
2 Significant in univariate analysis but excluded in multivariate
analysis
Table 2 A multivariate logistic analysis of the UTAUT subscales and the perceived burden on intention to use (n = 46)
Variables Entered in Logistic Regression Model Intention to Use (Consent or Not)
B SE Odds Ratio 95% CI
Constant 7.15 3.71 1276.55
UTAUT subscale Performance Expectancy (H1) .05 .14 1.05 .80 to 1.38
UTAUT subscale Effort Expectancy (H2) -.28 .13 .76 .59 to .98*
Perceived Burden (H3) -.04 .04 .97 .90 to 1.38
* Caregivers who had higher effort expectancies were less likely to consent (p = 0.04).
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nonusers and frequent users (Table 3), the difference
was 7.42 and was statistically significant (t =2 . 5 0 ,df =
17, p = 0.02).
Besides frequency of use, the following variables were
tested for their association with the BSFC score: age, gen-
der, employment, education, year of immigration, English
proficiency, years of care, hours of care, living together,
OARS, SRH, TPI, UTAUT technology acceptance,
RMBPC frequency and reaction subscales and CCM (bin-
ary). The results showed that none of these factors were
statistically significantly associated with the BSFC score.
Intent-to-treat was analyzed by including caregivers
who dropped out. Dropout caregivers were assumed to
have a BSFC change score of 5.22 (the mean change
score of nonusers). After including the seven dropouts,
the mean BSFC change score was 2.76, which was not
statistically significant (t = 1.75, df = 34, p = 0.09). How-
ever, a statistically significant difference between nonu-
sers (N = 14) and frequent users (N =1 0 )w a sf o u n d .
T h ed i f f e r e n c ei nB S F Cc h a n g es c o r e sw a s7 . 4 2( t =
3.15, df = 22, p = 0.005).
Discussion and conclusions
This study was based on a study of e-mail support inter-
vention that identified the intervention outcomes and
factors associated with the outcomes. Similar to the
findings of other e-health studies, the original study
showed that e-mail support interventions benefit some
but not all caregivers and that these interventions have
high nonusage attrition [22]. The results showed that
regular engagement in intervention was associated with
a reduction in caregiver burden postintervention. Also,
traditional beliefs shaped caregivers’ needs, and ethno-
cultural-linguistic contexts affected system usability and
were associated with usage behavior.
This study aimed to explore factors associated with
the usage behavior of family caregivers who used an e-
health intervention. We conceptualized four stages of
u s eb a s e do nt h eA n d e r s e n ’s BMHSU and Venkatesh’s
UTAUT.
In the consideration stage, caregivers who felt that the
service was easy to use were more likely to consider parti-
cipating in the study. Although the results showed that
performance expectancy was not associated with consent
decision, this fact does not necessarily mean that the per-
ceived usefulness of e-health service is not important. In
fact, a further analysis showed that the UTAUT perfor-
mance scores of consent and nonconsent groups were
19.54 and 19.63, respectively, indicating that both groups
agreed that the service would be useful to them. The find-
ings imply that when caregivers are attracted to a service
because of its perceived usefulness, it is the non-user-
friendly features that stop them from eventually using it.
In the initiation stage, caregivers who had a higher
technology acceptance were more likely to begin service
earlier. Age has been identified as a factor associated
with adoption of e-health service in prior studies
[13,16]. However, when botha g ea n da t t i t u d et o w a r d
technology were entered into the regression analysis in
this study, age was a weaker predictor compared with
attitude toward technology. Measurement of technology
acceptance may provide more useful information than
age when assessing user profiles.
In the utilization stage (attrition or continuation),
caregivers made the decision to continue service based
on their clinical needs and technology aptitude. Care-
givers with less caregiving competence were more likely
to continue service, and those with a more positive atti-
tude toward technology were more likely to continue
service. Although only attrition and continuation have
been identified in this stage, we have observed other
patterns that are more complex and that also influence
utilization. In a qualitative study, we interviewed
selected caregivers from the original study sample [28]
and identified other patterns of use, for example, periods
of intensive uses separated by extended nonuse periods.
The service utilization pattern could be explained by
caregiver’s needs, ICT access barriers, and the learning
style of the caregivers.
In the outcome stage, the results showed that frequent
users experienced a decline in perceived burden com-
pared with an escalation of perceived burden by nonu-
sers. Several things may explain this finding. After
experiencing the clinical benefits, frequent users were
more likely to continue service and eventually benefited
more from it. Note that even though the technology and
clinical needs factors did not affect the outcomes
directly, these factors were associated with the frequency
of use. Therefore, motivating users to adhere to an
intervention had an indirect impact on the outcomes.
Limitations
This study was subject to various limitations. As an
explorative study, it was not feasible to gather a
Table 3 Logistic regression model for usage (frequent
users vs. nonusers; n = 19)
Variables in the Final
Model
B SE B Odds
Ratio
95% CI
Constant -20.09 8.88 .024
Caregiver Competence
Measure (CCM)
4.35 2.17 77.79 1.12 to 5415.2*
Attitude toward
technology (TPI)
.41 .20 1.51 1.03 to 2.21**
* More competent caregivers were more likely to be nonusers (p = 0.04).
**Caregivers with more positive technology attitude were more likely to be
frequent users (p = 0.04).
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the stages of use. Another limitation was the difficulty
faced in collecting data, particularly from noninterested
caregivers and from dropouts. While a fairly good
recruitment result was achieved by collaborating with a
well-respected Chinese community agency and reaching
out via phone interviewers, only 11 noninterested care-
givers completed the questionnaire, and there were only
9 caregivers in the nonuser study group. The sample
size did not have enough power to reach the level of
statistical significance required to explore some factors;
for example, the clinical needs in the consideration and
initiation stages. Despite these limitations, the study has
contributed to answering some of the theory-driven
questions on usage and attrition behavior supported by
empirical findings. It also provides a template for future
studies to explore additional factors.
Conclusion
We proposed a theory-driven and empirically tested
“stages of use” framework that explores usage behavior
and the associated factors in different phases when
family caregivers adopt and use an e-health service. This
study contributes to the understanding of not only what
factors affect clinical outcomes but also why caregivers
use or do not use e-health interventions and what hap-
pens in different stages when they use the service.
Whereas usage behaviors are influenced mainly by tech-
nological factors in the initial stages, both clinical and
technological factors are equally important in the later
stages. Most importantly, the frequency of use is asso-
ciated with clinical outcomes. The designers and evalua-
tors of internet-based clinical interventions can use the
framework presented here to conceptualize how clinical
and technological factors influence the intervention pro-
cess and clinical outcomes.
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